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E571 ABSTRACT 
A polychromatic interferometer utilizing a plurality of 
parabolic reflective surfaces to properly preserve the 
fidelity of light wavefronts irrespective of their wave- 
lengths as they pass through the instrument is disclosed. 
A preferred embodiment of the invention utilizes an 
optical train which comprises three off-axis parabolas 
arranged in conjunction with a beam-splitter and a ref- 
erence mirror to form a Twyman-Green interferometer. 
An illumination subsystem is provided and comprises a 
pair of lasers at different preselected wavelengths in the 
visible spectrum. The output light of the two lasers is 
coaxially combined by means of a plurality of reflectors 
and a grating beam combiner to form a single light 
source at the focal point of the first parabolic reflection 
surface which acts as a beam collimator for the rest of 
the optical train. By using visible light having two dis- 
tinct wavelengths, the present invention provides a long 
equivalent wavelength interferogram which operates at 
visible light wherein the effective wavelength is equal 
to the product of the wavelengths of the two laser 
sources divided by their difference in wavelength. As a 
result, the invention provides the advantages of what 
amounts to long wavelength interferometry but without 
incurring the disadvantage of the negligible reflection 
coefficient of the human eye to long wavelength fre- 
quencies which would otherwise defeat any attempt to 
form an interferogram at that low frequency using only 
one light source. 
10 Claims, 4 Drawing Sheets 
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tour map of the corneal surface directly, it is also recog- 
WAVELENGTH INDEPENDENT nized that visible light interferograms (operating wave- 
INTERFEROMETER lengths less than 0.7 microns) would typically result in 
the requirement to contend with hundreds of densely 
ORIGIN OF INVENTION 5 packed fringes even when the cornea under test is com- 
The invention described herein was made in the per- pared to an optimally fitting reference sphere. This 
formance of work under NASA contract No. NAS-7- Problem is a consequence of the strongly aspheric na- 
918, and is subject to the provisions of Public Law ture Of the typical cornea. Such interferograms require 
96-517 (35 USC 202) in which the Contractor has commensurately high resolution detection well beyond 
elected to retain title. 10 for example, the range of currently available detector 
arrays. Furthermore, such high submicron topographic 
TECHNICAL FIELD sensitivity resulting from the use of such short wave- 
The present invention relates generally to interfero- length light is unnecessary. If the reflectivity of the 
metric optics and more specifically to an optical system surface of the eye were not negligible in the infrared 
for use in making interferometric measurements and l 5  range (10-50 microns), a standard interferometric test 
that is especially advantageous for making such mea- performed using a single infrared wavelength would be 
surements for topographical mapping of aspherical sur- an ideal solution, because no new technology would be 
faces. Because of the unique Properties of the present required. Unfortunately, this is not the case. Thus there 
invention, it is especially Useful for topographically is still an ongoing need for a real-time keratometer sys- 
mapping the shape of the h m a n  COrnea by developing 2o tem for medical diagnosis and for preparation of a cor- 
visibility fringes from two simultaneously present inter- neal contour for eye surgery, as well a, for post-opera- 
ference patterns by using light of two different wave- tive analysis of completed eye surgery. 
length patterns. 
STATEMENT O F  INVENTION 
BACKGROUNDART 
tion with improvements designed to minimize or ellmi- interferometry, but which still provides long 
neal transplants), as well as to correct refractive error. ly-packed fringe problem of the prior art. This solution 
Because the cornea is the most powerful refracting 30 is the use of a two-wavelength interferometric tech- 
surface Of the eye' procedures have been nique where visible light of two different wavelengths is 
devised to incise, lathe, freeze, burn and reset the cornea coaxially reflected onto the corneal surface to result in to alter its shape. Currently practiced keratorefractive a long equivalent wavelength interferogram. This solu- surgical techniques include: cryorefractive techniques 
25 The present invention solves the aforementioned 
chrneaI surgery is currently undergoing rapid evolu- 
penetrating keraplasty (cor- 
need by providing a visible light alternative to infrared 
nate astigmatism lent-wavelength results thereby overcoming the dense- 
(keratomileusis, keratophakia, ipikeratophakia), radialk- 35 
eratotomy, thermal keratoplasty, corneal relaxing inti- Of a multi-wavelength interferometer a 
Of the two wavefronts as 
is made possible in the present invention by the 
plurality of off-axis parabolic reflective surfaces to sions and wedge resections. 
techniques, it is essential to accurately measure the they are reflected Off the cornea and pass through the 
corneal curvature. Existing methods to measure corneal 40 instrument. One problem associated with a 
curvature include central keratometry and wavelength interferometer is the need to properly 
p~oto~eratoscopy with central keratometry, H ~ ~ ~ ~ ~ ~ ,  achromatize the optical train in the interferometer. 
with these methods the diameter of the that can Achromatization in this application refers to preserva; 
be accurately measured is limited. Recently, tion of the fidelity of the two wavefronts as they pass 
photokeratoscopy has been adapted to provide a topo- 45 twice through the optical system of the instrument. 
graphic map of the cornea, However, existing keratom- Preservation of the fidelity Of the wavefronts may be 
eters are limited in two important regards. Firstly, these expressed in terms ofthe amount of optical Path differ- 
instruments are predicated on geometrical image form- ence that is gained or lost as the test surface wavefronts 
ing principles and assume the corneal topography can pass through and are combined by the system. 
be expressed in terms of zones of various spherical radii. 50 A Preferred embodiment of the Present invention 
This in turn involves assumptions as to the nature of the utilizes an optical train which comprises three off-axis 
surface under test. With more strongly aspheric corneas parabolas. The first such parabola acts as a collimator. 
or as larger areas on even the average or typical size The second forms a spherical wavefront converging on 
cornea are considered, the measurement becomes ex- the cornea and, following the second reflection, Pre- 
tremely ambiguous. Secondly, primarily as a conse- 55 serves the optical path differences of the aberrated 
quence of the above but also because of optical engi- wavefront. The third parabola forms an image of the 
neering considerations, most instruments are limited in cornea on the detector. These three parabolic reflecting 
terms of the aperture of the cornea that can be mea- surfaces are arranged in conjunction with a beam split- 
sured. Existing instruments typically cover corneal ter and a reference mirror to form a Twyman-Green 
diameters no greater than three millimeters. An addi- 60 type interferometer. 
tional problem one must consider in the design of a The illumination subsystem of the present invention 
clinically useful instrument is the relatively low corneal comprises a pair of lasers at different preselected wave- 
specular reflectivity which is approximately two per- lengths in the visible spectrum. The output light of the 
cent in the visible light range and virtually zero in the two lasers is coaxially combined by means of a plurality 
infrared light range. 65 of reflectors and a grating beam combiner to form a 
While it is recognized that optical interferometric single light source at the focal point of the first para- 
techniques for non-invasive measurement of corneal bolic reflection surface which acts as a beam collimator 
topography provide the only way of producing a con- for the rest of the optical train. The third parabolic 
' 
When preparing the patient for any of these surgical properly preserve the 
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reflecting surface focuses all of the optical wavefronts 
necessary to produce the two interferograms onto an 
interferogram imaging lens which is selected to transmit 
the collected light onto a detector such as a CCD detec- 
tor array. The third parabla forms an image of the cor- 
nea on the detector. Consequently, the fringe pattern 
seen on the detector is indicative of the OPD between 
the cornea-reflected wavefront and the reference spher- 
ical wavefront incident on the cornea. Collimated light 
transmitted by the beam splitter passes onto the second 
parabolic reflector which forms a converging, spherical 
“test” wavefront. (Nominally, the cornea retroreflects 
this wavefront, and nominally, after being reflected by 
the parabola adjacent the cornea, the wavefront is re- 
collimated). Collimated light reflected by the beam 
splitter passes to a plano mirror which forms a flat “ref- 
erence” wavefront which, after being transmitted by 
the beam splitter, interferes with the corneahest wave- 
front. The detector is used to extract the necessary data 
from the interferograms to define the contour of the 
aspheric surface which in this case is a human cornea. 
It will be seen hereinafter that by using visible light 
having two distinct wavelengths, the present invention 
provides a long equivalent wavelength interferogram. 
The effective wavelength is equal to the product of the 
wavelengths of the two laser sources divided by the 
difference in the wavelengths of those sources. This 
corresponds to an effective frequency which is equal to 
the difference in the frequency of the two laser sources. 
Consequently, the apparent or effective frequency of 
the combined laser light may be selected to be signifi- 
lcantlg lower than the actual frequency of the visible 
Uight of each such laser. As a result, the present inven- 
tion provides the advantages of what amounts to long 
wavelength interferometery but without incurring the 
disadvantages of the negligible reflectivity of the human 
eye to long wavelengths. 
While the particular embodiment of the invention 
disclosed herein is shown for use in measurine the con- 
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tour of the cornea of the human eye, it will be under- 40 
stood that the unique fidelity preservation characteris- 
tics of the optical train of the invention, permits interfer- 
ometry applications for the measurement of any 
aspheric surface and at virtually any wavelength. Thus 
for example, the present invention will also be useful in 45 
the measurement of aspheric surface characteristics at 
different light wavelengths without requiring any alter- 
ation in the optical train which would otherwise be 
required in prior art optical trains which are typically 
designed for monochromatic operation. 5 0  
OBJECTS OF THE INVENTION 
It is therefore a principal object of the present inven- 
tion to provide an optical train for interferometric mea- 
surements at any and all wavelengths. 
It is an additional object of the present invention to 
provide a wavelength independent optical system for 
use in an interferometer. 
It is still an additional object of the present invention 
to provide an optical interferometer which preserves 60 
the fidelity of the optical wavefronts of at least two 
different wavelengths of light for enabling the topo- 
graphic measurement or contour mapping of highly 
aspheric reflective surfaces. 
to provide an improved keratometer for mapping the 
contour of the human cornea by using simultaneously 
two different wavelengths of coaxially aligned light 
55 
It is still an additional object of the present invention 65 
4 
reflected onto the cornea for generating two interfero- 
grams, the combined beat fringes of which constitute a 
long equivalent wavelength interferogram for defining 
the contour of the cornea being measured. 
BRIEF DESCRIPTION OF T H E  DRAWINGS 
The aforementioned advantages and objects of the 
present invention, as well as additional objects and ad- 
vantages thereof will be more fully understood herein- 
after as a result of a detailed description of a preferred 
embodiment when taken in conjunction with the fol- 
lowing drawings in which: 
FIG. 1 is a schematic representation of the preferred 
embodiment of the present invention when used as a 
keratometer for mapping the contour of the human 
cornea; 
FIG. 2 is a representation of the physical components 
and their relative positions for generating a long equiva- 
lent wavelength interferogram using the present inven- 
tion; 
FIG. 3 is a schematic illustration of optical path dif- 
ferences between the cornea and a reference sphere; and 
FIG. 4 is a schematic illustration of optical path dif- 
ferences for the optical train of the invention. 
DETAILED DESCRIPTION OF THE 
INVENTION 
Referring now to FIGS. 1 and 2, it will be seen that 
the multi-wavelength interferometer 10 of the present 
invention comprises a parabolic beam collimator sur- 
face 12, a parabolic focusing surface 14, a parabolic 
imaging surface 16, a reference reflecting mirror 18, a 
detector 22. a beam splitter 24 and a compensator 26. 
The interferometer 10 may allow the measurement of 
aspheric surfaces with a light source of arbitrary wave- 
length(s). However, as previously noted, when the opti- 
cal train of the interferometer 10 of the present inven- 
tion is used for measuring or mapping the contour of a 
cornea 28, the light source is advantageously a coaxial 
superposition of two different monochromatic wave- 
lengths of light which may for example be generated in 
the manner described in FIG. 1. 
More specifically, a suitable illumination subsystem 
30 for use in the present invention comprises a first laser 
32, a second laser 34, a plurality of reflectors 36, a re- 
flective linear diffraction grating 38 for making the 
beam coaxial, a shutter 40 and a microscope objective 
beam expander and spatial filter 42. Circularly variable 
neutral density filters may be used in the light path of 
one or both of the lasers 32 and 34 to provide additional 
means for controlling the intensity of light which ulti- 
mately reaches the cornea 28. 
The purpose of the illumination subsystem 30 shown 
in FIG. 1 is to provide what may be considered a point 
source of light having two distinctive monochromatic 
wavelengths and being positioned at the focal point of 
parabolic beam collimator surface 12. This is accom- 
plished by directing the output of the respective lasers 
32 and 34 by means of reflectors 36 onto a reflective 
linear diffraction grating beam combiner 38 resulting in 
the production of a unitary beam 44 which is controlled 
by a shutter 40 and properly shaped and positioned by 
means of a microscope objective beam expander and 
spatial filter 42 at the focal point of parabolic beam 
collimator surface 12. 
The function of collimator 12 is to provide a colli- 
mated wavefront which travels from right to left as seen 
in FIG. 1. A selected fraction of this collimated wave- 
. 
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front of light is passed through a beam splitter 24 which micron difference in optical path between the actual 
is preferably of a wedged coated glass configuration surface and the reference sphere. For clinical use, the 
which provides an optimum equivalent single surface optical path difference (OPD) information can easily be 
beam splitter characteristic. The light Passing through converted to surface height relative to a flat reference 
the beam Splitter to the left in FIG. 1 impinges upon 5 surface. The fringe pattern observed at the exit pupil of 
Pu*liC focusing surface 14 which focuses the re- the interferometer contains both fundamental interfero- 
flected light to a point beyond the cornea or other grams and the g(beat)* interferogram of interest. 
aspheric surface to be measured. The light reflected The following data in TABLES 1 and 2 demonstrate 
from the cornea or other such aspheric surface, retraces the preservation of OPD in the keratometer optical the path of the incident light in the reverse direction up 10 system of the present invention. The two sets of data 
keratometer optical system. The first set of TABLE 1 in FIG. 1 onto the parabolic imaging surface 16. That portion of the collimated light traveling from gives the opD values between the elliptical cOrnea right to left as shown in FIG. 1 which is not transmitted reflecting surface and a reference sphere with the same by the beam splitter, but is instead reflected thereby, 15 
impinges upon a reference mirror 18 which is positioned vertex radius of curvature. The second set of data of 
to the beam %)litter 24 where it is reflected represent the OPD values at two different places in the 
and oriented properly to provide a plan0 reference TABLE gives the OPD for the entire Optical 
wavefront which will be made to interfere with the system at the detector. In a perfect system, the two sets 
light reflected from the 28. Compensator 26 of data would be identical. Six rays were traced in each 
comprises a beam splitter compensator plate which is 2o case and evaluated. The ray number is given in the first 
identical in shape to beam splitter 24, but which is trans- column. The height of the ray on the corneal surface is 
parent and thus provides path length compensation so given in the second column. The optical path length for 
that the light traveling to and from the cornea 28 will the ray in the part of the optical system analyzed is 
pass through the same thickness of the same material as given in the third column. The last column gives the 
the light reflected to the mirror 18 which is in turn 25 difference in optical path length between the first ray 
reflected back through the beam splitter 24. and the other rays. The first ray is coincident with the 
The focal length and F-number of the parabolic re- axis of the optical system. 
flecting surfaces 14 and 16 should be the same and The OPD values in each set of data represent pre- 
should be selected to provide focal lengths commensu- cisely the differences between the reference sphere and 
rate with the size and general shape of the aspheric 3o the cornea. The resulting interference fringe pattern on 
surface to be mapped. In the case of a human cornea, it the detector is digitized and reduced to very accurate 
has been found desirable to use an F-number equal to cornea surface topography. 
1.0 for each of the parabolic reflecting surfaces. In most The preservation of phase is quite good in the present 
applications for aspherical surface measurement for optical system. At the edge of the cornea where the 
which the present invention may be used, the F number 35 deviation from a sphere is the most severe, the optical 
of the parabolic reflecting surfaces 14 and 16 is Contern- path difference varies by only 0.0018 mm. This would 
Plated to be within the range of 0.6 and 20.0. The F- result in an error 0.0008 mm in the topography of the 
ntmber of surface 12 does not necessarily have to be cornea. In addition, it is expected that this precision can 
equal to the F-number of the other two parabolic sur- be further improved by additional optimization of the 
faces, but is, for practical size and Scaling purposes, 4o optical system. FIGS. 3 and 4 illustrate the ray geome- 
try for the calculation of data in TABLES 1 and 2, likely to be in the same range. 
When the multi-wavelength interferometer of the respectively. 
present invention is used with a illumination subsystem 
TABLE 1 30 of the type shown in FIG. 1, the superposition of two 
OPTICAL PATH DIFFERENCE BETWEEN THE 
CORNEA AND A REFERENCE SPHERE WITH 
independent interferograms (one for each monochro- 
matic source wavelength) will contain a periodic varia- 
THE SAME VERTEX RADIUS OF CURVATURE (mm) tion in fringe contrast, visibility or modulation. 
Whereas the contrast of either of the two fundamental RAY YHEiOHT OPLY OPD 
45 
interferograms alone would be uniformly high over the 1.oooo -0.oooO -0.oooO O.oo00 
entire aperture, when both interference patterns are 2.oooo 1 . 2 m  -0.0002 0.0002 
3.oooo 2.4000 -0.0036 0.0036 
4 . m  3.6000 -0.0194 0.0194 
served to periodically diminish to zero &e. the net irra- 5 . m  4 .8W -0.0663 0.0663 
diance will equal the average irradiance level). These 6oooO 6[yxx) -0.1828 0,1828 
present simultaneously, the fringe contrast will be ob- 50 
‘‘visibility fringes” or “beat fringes” may be thought of 
as a third interferometric representation of the surface 
under test, where the effective wavelength or contour 55  
interval is given by: 
TABLE 2 
OPTICAL PATH DIFFERENCES IN THE ENTIRE 
MFective=hlh2/(hl- hZ) 
OPTICAL SYSTEM (mm) 
RAY YHEIGHT OPLY OPD 
l.m -0.ooOo 8 1 o . m  O.oo00 
um-neon laser line is combined with a 0.613 micrometer 3 . m  2.4000 809.9964 -0.0036 
For example, when the 0.633 micrometer “red” heli- 60 2 . m  1.2000 809.9998 -0.0002 
“orange” line from another helium-neon laser, the effec- 4 . m  3.6000 809.981 1 -0.0189 
S . m  4.8000 809.9349 -0.0651 
6.oooO 6.ooOo 809.8190 -0.1810 
tive wavelength is an infrared-like 19.4 micrometers. 
Thus the visibility fringes occur with a contour interval 
approximately 30 time coarser than either of the two 65 
fundamental fringe frequencies. Because of the reflec- 
tive (double pass) nature of the measurement, each suc- 
cessive visibility fringe corresponds to a 19.4/2 =9.7 
The principles and techniques described herein may 
be applicable to a more general class of optical testing 
problems, particularly, the testing of aspheric surfaces. 
7 
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Presently the degree of asphericity which can be mea- only one light source. The unique fidelity preservation 
sured by most existing interferometric instruments is characteristics of the optical train of the present inven- 
limited by detector resolution and/or operating wave- tion permits interferometry applications for the mea- 
length. As the surfaces become more steeply sloped, the surement of virtually any aspheric surface and at virtu- 
fringe density can exceed the resolution limits of the 5 ally any wavelength. Thus, while the present invention 
detector and the information is either lost or ambiguous. has been shown in a preferred embodiment for use in 
At the price of reduced sensitivity, two wavelength measuring or mapping the contour of the human cor- 
interferometry allows more aspheric or steeply sloped nea, the optical train portion thereof, would also be 
surfaces to be measured than would otherwise be possi- suitable in other interferometric applications which may 
ble. When the long equivalent wavelength interfero- 10 be accomplished at one or more wavelengths of light. 
metric information is used to remove the 2 7~ ambigui- Those having skill in the art to which the present 
ties associated with shorter wavelength interferograms, invention pertains, will as a result of the applicant’s 
one gains the facility of measuring strongly aspheric teaching herein, now perceive various modifications 
surfaces with high topographic sensitivity. which may be made to the invention. By way of exam- 
It will now be understood, that what has been dis- 15 ple, while specific light wavelengths and parabolic re- 
closed herein comprises, a unique multi-wavelength flective surface characteristics have been disclosed 
interferometer utilizing a plurality of parabolic reflec- herein, it will be understood that the invention may be 
tive surfaces to properly preserve the fidelity of light readily modified to accommodate other parabolic re- 
wavefronts irrespective of their wavelengths as they flecting surface characteristics and may be used in the 
pass through the instrument. 20 measurement of surface geometries at virtually any 
In the present invention, this multi-wavelength inter- frequency including frequencies not limited to the visi- 
ferometer is used to provide a long equivalent wave- ble portion of the spectrum. Accordingly, all such mod- 
length interferogram to overcome the densely-packed ifications and additions are deemed to be within the 
fringe problem of prior art interferometers. A preferred scope of the invention which is to be limited only by the 
embodiment of the invention utilizes an optical train 25 claims appended hereto. 
which comprises three off-axis parabolas arranged in 
conjunction with a beam-splitter and a reference mirror 
to form a Twyman-Green interferometer. The first such 
parabolic reflecting surface acts as a collimator. The 
We claim: 
1. An interferometer for providing data regarding the 
contour of aspheric surfaces; the interferometer com- 
prising: 
second forms an F-number equal to 1.0 spherical wave- 30 
front converging on the surface being mapped and the 
third parabola reimages the test aspheric surface onto 
the detector. This novel optical train is especially ad- 
vantageous for use for measuring highly aspherical 
surfaces such as the cornea of the human eye because it 35 
permits the use of two distinct optical frequencies simul- 
taneously to generate two interferograms, as well as a 
set of beat fringes. which may be thought of as a third 
interferometric representation of the aspheric surface 
under test where the effective wavelength or contour 40 
interval is proportional to the inverse of the difference 
in the frequencies of two discrete light sources such as 
lasers. For this purpose, in the particular embodiment 
idisclosed herein, an illumination subsystem is provided 
and comprises a pair of lasers at different preselected 45 
wavelengths in the visible spectrum. The output light of 
the two lasers is coaxially combined by means of a plu- 
rality of reflectors and a grating beam combiner to form 
a single light source at the focal point of the first para- 
bolic reflection surface which acts as a beam collimator SO 
for the rest of the optical train. By using visible light 
having two distinct wavelengths, the present invention 
provides a long equivalent wavelength interferogram 
which operates at visible light wherein the effective 
wavelength is equal to the product of the wavelengths 55 
of the two laser sources divided by their difference in 
wavelength. This corresponds to an effective frequency 
which is equal to the difference in the frequency of the 
two laser sources. Consequently, the apparent or .Tee- 
tive frequency of the combined laser light may * .  se- 60 
lected to be significantly lower than the actual fre- 
a first off-axis parabolic reflective surface having a 
focal point; 
a source of light positioned at said focal point of said 
first parabolic reflective surface; 
a second off-axis parabolic reflective surface posi- 
tioned for receiving collimated light from said first 
parabolic reflective, for directing said light onto 
one of said aspheric surfaces and for receiving light 
reflected from said one of said aspheric surfaces 
and directing said reflected light toward said first 
parabolic reflective surface; 
a beamsplitter positioned between said first and sec- 
ond parabolic reflective surfaces for re-directing a 
selected portion of light traveling therebetween in 
a direction substantially perpendicular thereto; 
a plano reference mirror positioned in spaced-apart 
relation to said beamsplitter along said perpendicu- 
lar direction for reflecting said re-directed portion 
of light as a reference through said beamsplitter 
along said perpendicular direction; 
a third off-axis parabolic reflective surface positioned 
in spaced-apart relation to said beamsplitter along 
said perpendicular direction and opposite of said 
mirror for receiving said mirror-reflected light 
from said beamsplitter; 
said beamsplitter also redirecting said light reflected 
from said aspheric surface onto said third parabolic 
reflective surface for producing an interference 
fringe pattern representing the differences between 
said aspheric surface and a spherical reference sur- 
face. 
2. The interferometer defined in claim 1 further com- 
. 
quency of the visible light of each such laser. As a re- 
sult, the invention provides the advantages of what 
amounts to a long wavelength interferometry but with- 
out incurring the disadvantage of the negligible reflec- 65 
tion coefficient of the human eye to long wavelength 
frequencies which would otherwise defeat any attempt 
to form an interferogram at that low frequency using 
prising a detector; said detector being positioned rela- 
tive to said third parabolic reflective surface for direct- 
ing said interferometer fringe pattern onto said detector. 
3. The interferometer defined in claim 1 further com- 
prising a beamsplitter compensator plate positioned 
between said beamsplitter and said second parabolic 
reflective surface for equalizing beamsplitter-induced 
5,07 1,25 1 
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differences in path characteristics between said mirror- 
reflected light and said aspheric surface-reflect light. 
4. The interferometer recited in claim 1 wherein the 
of said second and third parabolic reflective 
surfaces are equal. 
5. The interferometer recited in claim 1 wherein the 
F-numbers of said first, second and third parabolic re- 
flective surfaces are each in the range of 0.6 to 20.0. 
6. The interferometer recited in claim 1 wherein said 
source of light comprises at least one laser. 
7. The interferometer recited in claim 1 wherein said 
9. The interferometer recited in claim 1 wherein said 
aspheric surface is a human cornea. 
10. An interferometer of the type employing interfer- 
ence patterns between test and reference wavefronts for 
5 mapping the contour of a human cornea; said interfer- 
Ometer comprising: 
a light source generating light simultaneously having 
two discrete wavelengths; 
optical train means for receiving said light and pre- 
serving, without any substantial error, the optical 
path difference between said test and reference 
wavefronts at both of said wavelengths; and 
for detecting the difference in interference 
patterns generated at each of said wavelengths; 
said optical train means having a pair ofoff-axis para- 
bolic reflecting surfaces having equal F-numbers. 
source of light is a plurality of coaxial light beams, each 
such light beam being generated by a laser. 
of said light beams has a wavelength that is different 
8. The interferometer recited in claim 1 wherein each 15 
from the other of said light beams. * * * * *  
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